We investigate the structure of the D 0 1 (2420 [2430])(J P = 1 + ) mesons via analyzing the semileptonic B c → D 0 1 lν transition in the frame work of the three-point QCD sum rules and the heavy quark effective theory. We consider the D 0 1 meson in three ways; the pure |cū state, a mixture of two | 3 P 1 and | 1 P 1 states with a mixing angle θ and a combination of two mentioned states with mixing angle θ = 35.3 • in the heavy quark limit. Taking into account the gluon condensate contributions, the relevant form factors are obtained for the three above conditions. These form factors are numerically calculated for |cū and the heavy quark limit cases. The obtained results
I. INTRODUCTION
There is some difference between the measured and predicted masses of the even-parity charmed mesons (J P = 1 + ), observed in the laboratories [1] [2] [3] [4] [5] and considered in many phenomenological models [6] [7] [8] [9] [10] [11] . So much efforts have been dedicated to realize this unexpected disparity between theory and experiment [12] [13] [14] [15] [16] [17] . Therefore the study of the processes involving these mesons is important for understanding of the structure and quark content of them. Some physicists presumed that these discovered states are conventional cū and cs mesons [18] [19] [20] [21] [22] [23] [24] [25] [26] . Among these mesons, we focus on the non-strange D [27] . Theoretically, the discovered states do not fit easily into the cū spectroscopy [21] . One of the proposals, could be the introduction of the D 0 1 meson as a mixture of two | 1 P 1 and | 3 P 1 states with the cū quark content [18-21, 28, 29] . In this work, we plan to analyze D 0 1 meson as conventional meson with pure |cū state and also as a combination of | 1 P 1 and | 3 P 1 states.
Heavy-light mesons are not charge conjugation eigen states and so mixing can occur among states with the same J P and different mass that are forbidden for neutral states [21] . So the mixing of the physical D 1 and D ′ 1 states can be parameterized in terms of a mixing angle θ, as follow:
where we used the spectroscopic notation 2S+1 L J for introduction of the mixing states.
Considering | 3 P 1 ≡ |D 1 1 and | 1 P 1 ≡ |D 1 2 with different masses and decay constants [21, 28] , we can apply these relations, beyond the heavy quark model, for axial vectors D 1 (2420) and D 1 (2430) mesons with two different masses. i.e., |D 1 (2420) = sinθ |D 1 1 + cosθ |D 1 2 ,
The masses and decay constant of the D 1 1 and D 1 2 states are presented in Tables I and II . In the heavy quark limit where the quark mass m c → ∞, both axial vector D 
These relations occur for the mixing angle θ = 35.3
• in Eq. (1), But note that the value of the mixing angle can be positive equal to θ = 35.3
• or negative corresponding θ = −54.7
• if the expectation of the heavy-quark spin-orbit interaction is positive or negative, respectively [21] .
The B c → D * 0 lν [31] and B c → Dll/νν [32] have been studied via three-point QCD sum rules (3PSR In Section III, the transition form factors are evaluated via HQET approach for condition 3. Finally, Section IV is devoted to the numeric results and discussions.
II. SUM RULES METHOD
In this section, we study the transition form factors of the semileptonic B c → D 1 lν process is governed by the tree level b → ulν transition and c quark is the spectator, at quark level (see Fig. 1 ). The three-point correlation function is considered for the evaluation of the transition form factors in the framework of the 3PSR.
The three-point correlation function is constructed from the vacuum expectation value of time ordered product of three currents as follow: 
Bc ) + higher resonances and continuum states .
The general expression for the hadronic matrix element of the weak current with definition of the transition form factors is given by the formula:
where:
and the f V (q 2 ), f 0 (q 2 ), f 1 (q 2 ) and f 2 (q 2 ) are the transition form factors, 
The diagrams for contribution of the gluon condensates are depicted in Fig. 2 . To obtain the contributions of these diagrams ,the Fock-Schwinger fixed-point gauge, x µ A a µ = 0, are used; where A a µ is the gluon field. The procedure of the evaluation of such as diagrams in Fig. 2 has been discussed in Ref. [31] , completely.
Using the double dispersion representation, the bare-loop contribution is determined:
By replacing the propagators with the Dirac-delta functions (Cutkosky rules):
the spectral densities ρ per i (s, s ′ , q 2 ) are found as:
where λ(a, b, c) = a 2 +b 2 +c 2 −2ac−2bc−2ab. The N c = 3 is the color factor, u = s+s
u . For the heavy quarkonium bc, where the relative velocity of quark movement is small, an essential role is taken by the Coulomb-like α s /v-corrections [34] . It leads to the finite renormalization for ρ per i , so that:
with
where α C s is the coupling constant of effective coulomb interactions. Also v is the relative velocity of quarks in the bc-system,
The value of α C s for B c meson is [34] :
By performing the double Borel transformations over the variables p 2 and p ′2 on the physical parts of the correlation functions and bare-loop diagrams and also equating two representations of the correlation functions, the sum rules for the f ′ i (q 2 ) are obtained:
where i = V, 0, 1 and 2, s 0 and s ′ 0 are the continuum thresholds in pseudoscalar B c and axial vector D 0 1 channels, respectively, and lower bound integration limit of s L is as follow:
The explicit expressions for C 
Then using the straight forward calculations, the f 
where i ′ = V, 1, 2. Note that, the f 
Here, ν and ν ′ are the four velocities of B c and D 1 k mesons, respectively (for some details see Refs. [35, 36] ). After some complicated calculations, the y-dependent expressions of the f
(y) are obtained as follows:
In these heavy quark limit expressions
The continuum thresholds ν 0 , ν ′ 0 and integration variables ν, ν ′ are defined as:
Also we apply 
The function U HQET 0 (m, n) takes the following form
Then by considering D 
where i = V, 0, 1, 2.
IV. NUMERICAL ANALYSIS
Now, we present our numerical analysis of the form factors f i (q meson is the pure |cū state, using Eqs. (7) and (21), the values of the form factors at q 2 = 0 are presented in Table IV . In this case, the values of the transition form 
The values of the parameters a, b and m f it are given in Table V By using the expressions for the form factors, the differential decay width dΓ/dq 2 for the process B c → D 0 1 lν in terms of H i is presented as follow: 
H ± and H 0 are defined as:
where ±, 0 refer to the D 0 1 helicities. Note that in the limit of vanishing lepton mass (in our case electron and muon) the f 2 (q 2 ) form factor does not contribute to the decay width formula.
To calculate the branching ratios of the B c → D 1 (2420, 2430)lν decays, we integrate Eq. (36) over q 2 in the whole physical region and use the total mean life time τ Bc = (0.46±0.07) ps. Our numerical analysis shows that the contribution of the non-perturbative part (the gluon condensate diagrams ) is about 13% of the total and the main contribution comes from the perturbative part of the form factors. The value for the branching ratio of these decays is obtained as presented in Table VI . The function of decay width of B c → D 0 1 (2420, 2430)lν decays with respect to q 2 is shown in Fig. 4 . and −180
• for q 2 and θ, respectively. Using Eq. (36), we denote the variation of the decay widthes with respect to q 2 and θ in the same regions for each decay in Fig. 9 .
Also the branching ratios only in terms of mixing angle θ are shown in Fig. 10 .
• Compound state in the heavy quark limit
Eventually, we study the structure of the D The values of the HQET form factors at q 2 = 0 are presented in Table VII .
Also using Eq. (36) and HEQT form factors, we evaluated the branching ratios of the
)lν decays as given in Table VIII . The Fig. 13 depict the dependence of the decay widths of these decays on the q 2 in HQET approach. give considerable information about the structure of these mesons and unknown mixing angle θ.
Appendix-A
In this appendix, the explicit expressions of the coefficients of the gluon condensate entering the sum rules of the form factors f i (q 2 ), (i = V, 0, 1, 2) are given. 
